Abstract. The 4×4 approximate discrete cosine transform (DCT) of H.264/AVC [1] makes it difficult to transcode the pre-coded video contents with the previous video coding standards to H.264/AVC in DCT domain. This is due to the difference between 8×8 DCT used previous standards and 4×4 DCT in H.264/AVC. In this paper, we propose an efficient algorithm that converts the quantized 8×8 DCT block of MPEG-2 into newly quantized four 4×4 DCT blocks of H.264/AVC to support DCT-domain transcoding. Experimental results show that the proposed scheme improves computational complexity by 5~11% and video quality by 0.1 ~ 0.5 dB compared with cascaded pixeldomain transcoding that exploits inverse quantization (IQ), inverse DCT (IDCT), DCT, and re-quantization (re-Q).
Introduction
As the number of networks, types of devices, and video representation formats increase, interoperability between different systems and different networks is becoming more and more important [2] . To provide a seamless interaction between producers and consumers, diverse research on video transcoding such as bit-rate reduction [3] , spatial resolution reduction [4] , frame skipping [5] [6] , and simple video format conversion [7] , has been conducted. Recently, DCT-domain transcoding approaches have been studied to improve computational complexity and to avoid DCT and IDCT mismatch problem [8] [9] . These approaches are based on 8×8 DCT used in most video coding standards such as MPEG-2, MPEG-4, and H.263/AVC. However, it is impossible to directly apply them to H.264/AVC, because it uses 4×4 transforms.
In this paper, for non-intra-coded blocks, we propose an efficient algorithm to convert an 8×8 DCT block of MPEG-2 to four 4×4 DCT blocks of H.264/AVC. Additionally, we propose a quantization conversion algorithm that changes quantization step size between the two standards. This algorithm improves video quality by reducing the quantization error caused by cascaded IQ/re-Q. However, for intra-coded blocks, we follow the cascaded re-encoding method in pixel domain instead of DCT conversion to avoid heavy computational complexity in prediction mode selection. Our scheme can be easily applied to other standards by slightly modifying the quantization conversion algorithm. This paper is organized as follows. In Section 2 we describe 4×4 transformation for H.264/AVC, respectively. In Section 3 we present the Qstep conversion scheme and DCT conversion scheme. Experimental results will be presented in Section 4, and the conclusion is shown in Section 5.
Transformation for H.264/AVC [10] [11]
The 4×4 transformation of H.264/AVC approximates the 'true' 4×4 DCT. The 4×4 transform matrix, H of the 'true' DCT can be illustrated by Eq. 1, where a, b, c represent the matrix elements. H.264/AVC, On the other hand, uses the modified transform matrix H ′ , where b and b/c are changed to 2 5 and 1 2 , respectively. In actual H.264/AVC implementations, the integer transform matrix is used for transformation, and the residual scaling factors are absorbed into quantization process to avoid multiplication operations, and maintain DCT/IDCT accuracy. See [10] as well as [11] for more detail. In this paper we use H ′ to convert the 8×8 DCT block into four 4×4 DCT blocks of H.264/AVC, and we cover the residual scaling factors using quantization step size (Qstep) conversion tool. Throughout this paper, we represent the result of the modified 4×4 DCT using H ′ as '4×4 approximate DCT'. Since there is a difference between 'true' DCT and 'approximate' DCT, we should compensate it when we convert the 8×8 DCT block into four 4×4 approximate DCT blocks. 
Proposed Conversion Schemes
In this section we present two conversion schemes, Qstep conversion scheme and the DCT conversion scheme. The Qstep conversion scheme changes the quantized DCT coefficients of MPEG-2 to newly quantized coefficients of H.264/AVC. This scheme covers the H.264/AVC quantizer that is associated with transformation by incorporating the residual scaling factors into it. DCT conversion scheme converts the 'true' 8×8 DCT into the 4×4 approximate DCT.
Qstep Conversion
In MPEG-2 encoder, intra coded macroblock (MB) and non-intra coded MB are quantized by different formula and quantizer matrices. 
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Now let us change Eq. 2 to transcode the quantized coefficients, , of MPEG-2 as described in Eq. 3, derived from Eq. 2, can be calculated the newly quantized coefficients using q′ as described in Eq. 4. Briefly, using Eq. 4, we convert quantized AC coefficients of MPEG-2 into newly quantized coefficients of H.264/AVC. This method has an effect of skipping MPEG-2 quantization. That is, we can calculate the newly quantized coefficients of H.264/AVC as if we performed quantization only once with the unquantized coefficients, ( , ) i j B without any quantization for MPEG-2. As a result, the proposed Qstep conversion scheme can reduce the dequantization errors of MPEG-2 bit-stream compared with cascaded pixel-domain scheme.
As in the case of intra-MB conversion, Eq. 6 for unquantized coefficients is derived from the MPEG-2 quantization formula, Eq. 5, where 
DCT Conversion
The 8×8 DCT block conversion into four 4×4 approximate DCT blocks is extended from the pixel-domain extracting. In the pixel-domain, extracting of the 4×4 subblock 
The 4×4 DCT block can be calculated by performing DCT on the extracted sub-block, 
is not identical with the 4×4 approximate DCT block, i B of H.264/AVC, because the transform matrices are different as mentioned in section 2. Accordingly, it is necessary to compensate the difference, and Eq. 12 shows our final formula. In Eq. 12, we can obtain i B by using 4 4 H × ′ , which changes elements of 4 4 H × , H × . The specific derivation processes are shown in Eq. 13 ~ Eq. 15. In Eq. 14, 8 
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Experimental Results
Throughout the various experiments we compare the performance of our proposed scheme with the cascaded re-encoding method of pixel-domain. In this paper, we call the cascaded re-encoding method "cascade" method. For simulation, we implemented DCT-based transcoding architecture and cascaded pixel-based transcoding architecture by modifying the MPEG-2 Test Model 5 (TM5) codec [12] and adopting the H.264 Joint Model 8 (JM8) encoder partially [13] . For convenient simulation, we fixed Qstep for all frames in a video sequence. In experiments, we tested three video claire-base claire-conv carphone-base carphone-conv football-base football-conv
MPEG-2 Qstep=5
sequences with the different motion characteristic: FOOTBALL (high motion degree), CARPHONE (medium degree), and CLAIRE (low degree). In the simulation, input video sequences of Quarter Common Intermediate Format (QCIF) were encoded by the MPEG-2 encoder at constant frame rate of 30, GOP size of 6, and I/P distance of 3, and then, the output bit-streams of the MPEG-2 encoder are transcoded to H.264 bit-streams. Fig. 1 and Fig. 2 shows the peak signal-to-noise ratio (PSNR) comparison as changing the re-Qstep from 1 to 40 of the transcoder at fixed MPEG-2 Qstep 5 and 30, respectively. In the legend of the figures, '-base' refers to cascade method and '-conv' refers to our proposed scheme. In Fig. 1 , we cannot make a discrimination between the performance of the proposed scheme and the cascade method even though our method is numerically higher than the cascade method by 0.01 ~ 0.04 dB. Contrast to this result, Fig. 2 shows different results that PSNR of our method is higher than the cascade method by maximum 0.45 dB. This is due to our quantization scheme that has an effect of skipping MPEG-2 quantization as explained in section 3.1. Fig. 3 and Fig. 4 show PSNR of the frames ranging from 1 to 30 for CARPHONE and CLAIRE sequences, respectively. With this figures, we can observe that, as a whole, the proposed scheme shows higher performance than the cascade method. Especially, for I frames, it is more superior to the cascade method. The reason is due to the magnitude of the Motion Compensated DCT (MC-DCT) coefficients. More specifically, because the magnitude of the intra-coded block coefficients is generally larger than the inter-coded block coefficients, the quantization errors of the intracoded block are larger than the inter-coded block at high Qstep. Conversely, because our scheme has an effect of skipping the MPEG-2 quantization process, it can maintain the video quality. clearer than that of the cascade method (a). Second, for CARPHONE, we cannot discover notable difference. Third, for CLAIRE, the woman's silhouette and background of our image (f) are clearer without blurring than the cascade method (e). Finally, we represent the computational complexity by comparing the number of multiplications and additions. We have implemented IQ, IDCT, DCT, and re-Q for the cascade method, and quantization conversion and DCT conversion for the proposed method, respectively. For the cascade method, we do not consider fast DCT/IDCT methods, but only consider the conventional DCT/IDCT methods. Fast DCT/IDCT methods can reduce computational complexity by re-using intermediately calculated values instead of several multiplications and additions for transform. Even though our proposed method also can be implemented by the same kind of fast method, we do not consider the fast method in this paper. For intra-coded block, we use the cascaded re-encoding method in pixel domain to avoid too much computation complexity. Table 1 shows the number of operations to transcode a quantized block of 8×8 size of MPEG-2 to newly quantized four 4×4 approximate DCT blocks of H.264/AVC, where "M" stands for multiplication operations, "A" for adds, "S" for Shift, and "D" for division. For a brief comparison of computational complexity, we ignore the number of addition, shift, and subtraction operations because the overhead of the multiplication and division operations are higher than any other operation. According to Table 1 , the proposed scheme allows a computational complexity saving of about 11% for non-intra-coded blocks and about 5% for intra-coded blocks, compared with the cascade method.
Conclusions
In this paper, we proposed an efficient and exact conversion algorithm for the quantized 8×8 DCT block of MPEG-2 into newly quantized four 4×4 approximate DCT blocks of H.264/AVC to support DCT-domain transcoding. With the slight modification of quantization conversion, this method also can be applied to MPEG-1, MPEG-4 and H.263, etc. Extensive simulation results show that the PSNR of the proposed method outperforms the cascaded re-recoding method in the pixel domain by 0.1 ~ 0.5 dB and the computational complexity can be reduced by 5~11%. Our next subject is to find out an efficient half pixel conversion algorithm to compensate the difference of half pixel value between MPEG-2 and H.264/AVC and is to integrate the algorithm and our DCT conversion algorithm.
